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This  report  is  one  of  a series  of  similar  reports  which  document 
the  synoptic  scale  meteorological  conditions  over  the  continental  United 
States  for  a specified  period.  During  each  period,  one  or  more  flights 
were  conducted  by  research  aircraft  in  support  of  the  Large  Scale  Cloud 
Systems  Program.  Each  flight  consists  of  several  legs. 

An  overall  synoptic  summary  for  the  entire  period  is  provided  at 
the  beginning  of  each  report.  Following  the  summary  are  sections  covering 
the  individual  flights.  Each  section  contains  the  following  for  a given 
flight: 


• aircraft  track  for  each  leg  of  the  flight 

• narrative  summary  of  the  local  weather  conditions 

• surface  analyses  and  nephanalyses  at  standard 
six-hourly  synoptic  times 

• upper  air  analyses  at  the  850,  700,  500  and 

300  mb  levels  at  standard  twelve-hourly  synoptic 
times.  (The  200  mb  level  is  included  for  those 
series  during  which  research  flights  were 
conducted  above  300  mbs.) 

• 500  mb  vertical  motion  and  vorticity  patterns  at 
standard  twelve-hourly  synoptic  times 

• local  area  surface  analyses  at  standard  three- 
hourly  intervals  bracketing  the  period  of  each 
flight 

• vertical  cross-sections  along  the  flight  path 
for  each  leg  of  a flight. 

For  clarity,  no  more  than  two  sets  of  isolines  are  shown  on  the  upper  air 
charts.  All  heights  are  given  in  geopotential  meters  above  mean  sea  level 
(MSL)  unless  designated  otherwise. 
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SYNOPTIC  SUMMARY  23  - 25  FEBRUARY  1977 


1 . 

1.1  Upper  Circulation.  The  dominant  feature  during  the  period 
of  this  report  (from  1200Z  23  February  through  0000Z  25  February 
1977)  is  the  long  wave  trough  which  lies  over  the  central  United 
States.  A closed  low  is  situated  within  the  long  wave  trough  up 
through  300  mb.  During  the  36  hours  of  this  series,  a short  wave 
passes  through  the  long  wave  trough,  the  low  deepens  gradually  and 
moves  slowly  north-northeastward.  At  the  beginning  of  the  period 

a weak  ridge  lies  over  the  Rocky  Mountain  region  and  another  ridge 
is  located  off  the  Atlantic  coast.  As  time  progresses,  the  ridge 
over  the  Rockies  flattens  out  while  the  ridge  in  the  Atlantic  in- 
creases in  amplitude. 

Moist  air  from  the  Pacific  moves  across  the  central  West 
coast  and  extends  over  the  Rocky  Mountain  area  during  the  period. 

A broad  area  of  moisture  lies  east  and  north  of  the  low  aloft, 
spreading  eastward  to  the  Altantic  coast  as  the  period  progresses. 

The  jet  stream  extends  from  California  eastward  through 
the  Texas  panhandle,  swings  around  the  low  and  passes  over  the 
Mississippi  and  Ohio  Valley. 

1.2  Surface  Pattern.  An  extensive  low  in  the  central  United 
States  is  the  major  surface  system  throughout  the  period.  At  the 
beginning  of  the  period,  the  frontal  system  associated  with  this  low 
has  just  occluded.  As  time  progresses,  the  low  moves  northeastward 

and  deepens.  The  frontal  system  occludes  further  as  it  pushes  eastward. 


Another  low  is  located  off  the  northern  California  coast 
at  the  start  of  the  series.  This  low,  and  its  associated  frontal 
system,  remains  weak  and  moves  through  southern  Nevada  into  the  Texas 
panhandle  by  the  end  of  the  period. 


2.  FLIGHT  1 23  FEBRUARY  1977 


2.1  Aircraft  Tracks.  The  flight  tracking  data  are  given  below 

in  Table  1.  The  flight  goes  from  Louisville,  Kentucky  to  Chattanooga, 
Tennessee,  then  to  Gadsden,  Alabama.  After  two  short  legs  south  of 
Gadsden,  the  flight  continues  over  Montgomery,  Alabama  and  terminates 
at  Eglin  AFB,  Florida.  The  terrain  along  the  tracks  is  less  than  330 
meters  in  height  except  for  the  area  over  Tennessee,  north  of  Chattanooga, 
where  the  terrain  reaches  600  meters. 


TABLE  1.  AIRCRAFT  TRACKS  - 23  FEB  77 


TIME 

(Z) 

ALTITUDE 

POSITION 

DISTANCE 

LEG 

START 

STOP 

ft  (m) 

BEGIN 

END 

nm 

(km) 

1 

2100 

2150 

22,000  (6706) 

LOU1 

CHA2 

195 

(361) 

2 

2150 

2220 

22,000  (6706) 

CHA 

GAD3 

77 

(143) 

3 

2220 

2228 

5,000  (1524) 

GAD 

TAL4 

22 

(41) 

4 

2228 

2238 

5,000  (1524) 

TAL 

21  nm  S 

TAL 

21 

(39) 

5 

2238 

2247 

6,000  (1829) 

21  nm  S TAL 

43  nm  N 

MGM5 

18 

(33) 

6 

2247 

2337 

6,000  (1829) 

43  nm  N MGM 

VPS6 

154 

(285) 

IlOU  = Louisville,  Kentucky  (38°06’N  85°35'W) 

~CHA  = Chattanooga,  Tennessee  (34°58'N  85°09'W) 

•JGAD  = Gadsden,  Alabama  (33°34'N  86°03'W) 
cTAL  = Talladega,  Alabama  (33°34'N  86°03'W) 

?MGM  = Montgomery,  Alabama  (32°13'N  86°19'W) 

Vs  = Eglin  AFB,  Florida  (30°29'N  86°32'W) 

2.2  Local  Synoptic  Summary.  At  the  surface,  a 976  mb  low  is 

centered  over  southeast  Nebraska  at  the  beginning  of  the  flight  iieriod. 
The  flight  tracks  lie  in  the  southerly  flow  to  the  southeast  of  the  low. 
The  cold  front  associated  with  this  low  is  well  to  the  west  of  the 


j*d 
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fliqht  area  (Figure  1).  As  time  progresses,  the  low  moves  slowly  to 
the  northeast.  The  associated  frontal  system  becomes  well  occluded 
with  the  cold  front  advancing  toward  the  flight  area  (Figures  2 and  3). 
Cloudiness  increases  from  broken  to  overcast  conditions  as  the  cold 
front  approaches  the  flight  area.  Stratiform  layers  thicken  and 
cumuloform  clouds  become  more  numerous  with  thunderstorms  developing 
as  the  cold  front  approaches  the  flight  region  (Figures  4 through  6). 

The  surface  low  extends  upward  through  the  300  mb  level. 

At  850  mb,  the  fliqht  area  is  under  the  influence  of  south-southwesterly 
flow.  An  area  of  35  meters  per  second  (msec'^)  winds  pass  just  to 
the  west  of  the  flight  area  during  the  flight  period  (Figures  7 and 

9) .  Temperatures  at  850  mb  increase  slightly  as  the  flight  progresses. 
An  area  of  moist  air  extends  over  the  flight  tracks  (Figures  8 and 

10) . 

At  700  mb,  the  winds  are  from  the  southwest,  becoming  south- 
southwesterly  as  the  low  moves  slowly  toward  the  northeast  and  deepens. 

A wind  maximum  of  30  msec"^  passes  to  the  west  of  the  flight  area 
during  the  flight  period  (Figures  11  and  13).  Warm  moist  air  in  advance 
of  the  low  extends  over  the  flight  tracks  at  the  time  of  the  flight 
(Figures  12  and  14). 

The  500  mb  level,  as  well  as  the  adjacent  levels,  reflects 
a short  wave  trough  passing  through  the  long  wave  (as  described  in 
Section  1.1).  The  amplitude  of  the  500  mb  trough  increases,  causing 
the  winds  over  the  flight  area  to  shift  from  southwesterly  to  south- 
southwesterly  over  the  flight  period  (Figures  15  and  17).  An  area  of 
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40  msec'1  winds  approaches  the  flight  tracks  from  the  west,  swings 
northward  just  to  the  west  of  the  flight  area,  and  increases  in  magnitude 
to  50  msec'1.  Warming  occurs  in  advance  of  the  500  mb  low  while  an 
area  of  moist  air  from  the  Gulf  of  Mexico  passes  over  the  flight  tracks 
during  the  period  (Figures  16  and  18).  Upward  vertical  motion  increases 
and  positive  vorticity  is  advected  over  the  flight  area  (Figures  19 
and  20) . 

The  low  at  300  mb  deepens  during  the  day  of  the  flight. 

Winds  at  this  level  increase  from  20-25  msec'1  to  35  msec"1  over  the 
flight  tracks  during  the  twelve  hour  synoptic  period  (Figures  21  and 

I 

23).  Temperatures  over  the  flight  region  increase  in  advance  of  the 
low  (Figures  22  and  24). 

i 

The  closed  low  which  exists  at  the  lower  levels  is  reflected 
as  a trough  at  200  mb.  This  trough  intensifies,  with  winds  over  the 
flight  tracks  increasing  from  30-35  msec'1  to  35-40  msec'1  during  the 
day  of  the  flight  (Figures  25  and  27).  Temperatures  at  200  mb  over 
the  flight  area  increase  as  the  trough  approaches  (Figures  26  and  28). 

Prior  to  the  commencement  of  the  flight,  the  local  surface 
chart  (Figure  29)  shows  the  flight  area  under  the  influence  of  southerly 
flow.  Broken  to  overcast  cloud  conditions  occur  along  the  flight 
tracks  with  multiple  cloud  layers,  scattered  cumuloform  clouds  and 
rain  showers.  A broad  band  of  rain  and  thunderstorm  activity  occurs 
to  the  west  of  the  flight  area  in  advance  of  the  cold  front  which 
approaches  from  the  west.  During  the  progress  of  the  flight,  the 
precipitation  band  reaches  the  flight  area  (Figures  30  and  31).  As 
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the  flight  progresses  the  thunderstorm  and  rainshower  activity  in- 
creases until  the  flight  leaves  the  precipitation  area  during  the 
last  portion  of  the  flight,  between  Montgomery,  Alabama  and  Eglin 
AFB,  Florida. 

The  flight  cross-sections  (Figures  32,  34,  and  36)  show 
southerly  winds  near  the  surface  veering  to  southwesterly  with  height. 
Wind  speeds  along  the  flight  track  are  generally  greater  than  25  msec'^ 
above  1 km  except  during  the  last  hour  of  the  flight,  when  the  wind 
speeds  diminish  to  20  msec’^  below  2 km.  The  temperatures  increase 
gradually  at  all  levels  as  the  flight  proceeds  southward  (Figures  33, 

35,  and  37).  A layer  of  moist  air  extends  from  1.1  km  to  8.5  km  at 
the  beginning  of  the  flight  track.  By  the  end  of  the  first  leg,  the 
base  of  the  moist  layer  lifts  to  1.7  km.  At  the  end  of  the  second 
leg,  the  base  of  the  moist  layer  lowers  to  near  the  surface  as  shower 
activity  increases.  Numerous  thunderstorms  (not  illustrated)  increases 
the  cloud  tops  to  9.0  km  and  higher.  Toward  the  end  of  the  flight, 
shower  activity  diminishes.  The  moist  layer  decreases  in  thickness 
and  cloud  bases  lift  to  800  meters.  As  the  flight  approaches  the 
Gulf  Coast  near  its  destination,  low  stratiform  clouds  appear  with 
bases  near  100  meters.  The  freezing  level  is  at  2.9  km  at  the  beginning 
of  the  flight  rising  gradually  to  3.3  km  at  the  end  of  the  flight. 

A complex  tropopause  exists  over  the  flight  area  during  the 
period  of  the  flight.  The  first  stable  layer  begins  at  11.0  km  with 
temperatures  of  -52°C  at  the  north  end  of  the  flight  area  decreasing 
to  9.9  km  with  temperatures  of  -46"C  at  the  south  end  when  the  flight 
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terminates.  The  second  stable  layer  (outside  the  bounds  of  the 
cross-sections)  occurs  between  70  and  79  mb  with  temperatures  be- 
tween -70°C  and  -73°C. 
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FIGURE  32.  WIND  CROSS-SECTION,  LEG  1 - 23  FEB  77  ANALYSIS 


FIGURE  33.  TEMP. /DEW  PT.  DEPRESSION,  CROSS-SECTION,  LEG  I - 23  FEB  77  ANALYSIS 
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FLIGHT  2 24  FEBRUARY  1977 


3.1  Aircraft  Tracks.  The  flight  tracking  data  are  provided 
in  Table  2.  The  flight  begins  at  Ralei gh-Durham,  North  Carolina, 
proceeds  to  Norfolk,  Virginia  and  then  to  Wallops  Island,  Virginia. 
Ten  short  legs  are  flown  within  115  km  along  the  south  radial  of 
the  Snow  Hill  VORTAC.  The  last  leg  goes  from  Cape  Charles,  Virginia 
to  Front  Royal,  Virginia.  The  terrain  is  less  than  135  meters  in 
height  along  the  inland  flight  tracks. 

3.2  Local  Surface  Summary.  A deep  low  pressure  system 
dominates  the  surface  picture  during  the  day  of  the  flight.  This 
low,  with  its  occluded  frontal  system,  is  located  over  northern 
Missouri  at  the  beginning  of  the  day  and  moves  northeastward  over 
Lake  Superior  by  the  end  of  the  flight  period  (Figures  38  through 
41).  The  cold  front  associated  with  the  low  lies  well  to  the  west 
of  the  flight  area  at  the  beginning  of  the  day.  Moist  southerly 
flow  influences  the  flight  tracks  during  the  entire  period.  As 
time  progresses,  the  cold  front  approaches  the  flight  area  and  lies 
over  this  area  by  the  end  of  the  flight. 

Prior  to  the  commencement  of  the  flight,  the  area  of 
interest  is  covered  by  scattered  to  broken  clouds  (Tiaures  42  and 
43).  which  become  overcast  as  the  cold  front  moves  over  the  flight 
area  during  the  flight  period  (Ti mires  44  and  45).  The  clouds 
increase  in  vertical  extent  as  a band  of  thunderstorms  precedes  the 
advancing  cold  front. 
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TABLE  2.  AIRCRAFT  TRACKS  - 24  FEB  77 


TIME 

(Z) 

ALTITUDE 

POSITION 

DISTANCE 

LEG 

START 

STOP 

ft  (m) 

BEGIN 

' END 

nm 

Tkm) 

1 

1900 

1930 

19,000  (5791) 

RDU1 

ORF2 

137 

(254) 

2 

1930 

1943 

19,000  (5791) 

ORF 

WAL3 

68 

(126) 

3 

2021 

2025 

13,000  (3962) 

40 

nm 

S 

SNO4 

29  nm 

S 

SNO 

11 

(20) 

4 

2037 

2041 

15,000  (4572) 

43 

nm 

S 

SN0 

31  nm 

S 

SNO 

12 

(22) 

5 

2055 

2059 

10,000  (3048) 

20 

nm 

s 

SNO 

8 nm 

s 

SNO 

12 

(22) 

6 

2112 

2116 

13,000  (3962) 

43 

nm 

s 

SNO 

54  nm 

s 

SNO 

11 

(20) 

7 

2128 

2132 

16,000  (4877) 

34 

nm 

s 

SNO 

45  nm 

s 

SNO 

11 

(20) 

8 

2155 

2159 

13,000  (3962) 

26 

nm 

s 

SNO 

37  nm 

s 

SNO 

11 

(20) 

9 

2202 

2204 

13,000  (3962) 

40 

nm 

s 

SNO 

46  nm 

s 

SNO 

6 

(ID 

10 

2214 

2218 

17,000  (5182) 
-19,000  (5791) 

40 

nm 

s 

SNO 

28  nm 

s 

SNO 

12 

(22) 

11 

2224 

2232 

21,000  (6401) 

42 

nm 

s 

SNO 

1 5 nm 

s 

SNO 

27 

(50) 

12 

2315 

2320 

25,000  (7620) 

50 

nm 

s 

SNO 

62  nm 

s 

SNO 

1? 

(22) 

13 

2330 

0020 

22,000  (6706) 

CCV5 

TRR6 

146 

(270) 

^RDU  = Ralei gh-Durham,  North  Carolina  (35"5?'N  78°4/'W) 
‘ORF  = Norfolk,  Virginia  (36°54'N  76"12'W) 

3WAL  = Wallops  Island,  Virginia  (37°56'N  75"28'W) 

4SN0  = Snow  Hill,  Maryland  (38n03'N  75°28'W) 

^CCV  = Cape  Charles,  Virginia  (37°21'N  76‘'00'W) 

6FRR  = Front  Royal , Virginia  (39°05'N  78°12'W) 
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The  surface  low  extends  vertically  through  the  300  mb 
level  and  is  manifested  as  a trough  at  200  mb.  On  the  morning  of 
the  flight,  a short  wave  trough  moves  toward  the  flight  area  and 
lies  over  the  flight  tracks  at  the  end  of  the  flight  period.  This 
short  wave  trough  affects  the  flow  at  all  upper  levels. 

At  the  850  mb  level,  southerly  winds  of  15-20  msec'l 
affect  the  flight  area  (Figure  46).  An  isotach  maximum  lies  just 
to  the  east  of  the  flight  area  increasing  the  wind  speeds  over  the 
flight  tracks  an  average  of  5 msec"^  by  the  end  of  the  flight  period 
(Figure  48).  Warm  moist  air  extends  over  the  flight  area  during 
the  flight  period  (Figures  47  and  49). 

The  low  at  the  700  mb  level  brings  southerly  flow  over 
the  flight  region  throughout  the  flight  period  (Figures  50  and  52). 
An  area  of  35  msec"’  winds  passes  over  the  flight  area  during  this 
same  time  frame.  Temperatures  decrease  as  cold  moist  air  extends 
over  the  flight  through  the  period  (Figures  51  and  53). 

The  flow  at  500  mb  resembles  the  flow  at  the  lower  levels. 
An  isotach  maximum  of  50  msec" ^ approaches  the  flight  tracks  from 
the  west  and  is  located  over  the  southwest  corner  of  the  flight 
area  by  the  end  of  the  flight  (Figures  54  and  56).  Cold  moist  air 
moves  over  the  flight  tracks  during  the  flight  period  (Figures  55 
and  57).  An  area  of  upward  vertical  motion  lies  over  the  flight 
tracks  on  the  morning  of  the  flight  and  moves  toward  the  east  within 
the  next  12  hours  (Figures  58  and  59).  Positive  vorticity  is  ad- 
vected  over  the  area  of  the  flight  during  the  period. 


At  300  mb,  the  low  moves  northeastward  and  deepens  during 
the  day  of  the  flight.  This  is  accompanied  by  increased  wind  speeds 
over  the  flight  area  (Figures  60  and  62).  Warmer  air  is  advected 
over  the  flight  zone  during  the  period  at  this  level  (Figures  61 
and  63). 

The  trough  at  200  mb  causes  west-southwesterly  flow  over 
the  flight  area  (Figures  64  and  66).  Winds  increase  in  magnitude 
as  the  trough  moves  eastward  and  an  isotach  maximum  approaches  the 
flight  region  from  the  west  during  the  course  of  the  day.  Warmer 
air  accompanying  the  trough  moves  over  the  flight  tracks  and  causes 
increased  temperatures  during  the  flight  period  (Figures  6b  and  67). 

The  local  surface  charts  (Figures  68  through  70)  show 
the  cold  front  approaching  the  flight  area  from  the  west  at  the 
beginning  of  the  flight  period  and  lying  over  the  flight  area  by 
the  end  of  the  period.  A wide  band  of  precipi tation  accompanies 
the  cold  front  with  numerous  thunderstorms  ahead  of  the  front. 

The  flight  cross-sections  for  the  first,  two  legs  (Figures 
71  and  72)  show  the  winds  from  the  south-southwest  at  the  lower 
levels  veering  and  generally  increasing  in  speed  with  altitude. 

At  the  outset,  there  are  at  least  three  cloud  layers  with  the  lowest 
cloud  bases  at  3b0  meters.  As  the  flight  progresses,  the  moist 
layer  becomes  thicker  with  increasing  cumuloform  build-up  and 
thunderstorm  development.  Cloud  bases  decrease  to  150-200  meters 
with  tops  extending  to  8.7  km  and  higher.  The  freezing  level  is 
at  2.5  km  at  the  start  of  leg  1 rising  to  2.8  km  bv  the  end  of  leg  2. 


The  tropopause  is  complex  with  the  first  stable  layer  at  12.3  km 
and  temperatures  of  -51°C.  This  first  tropopause  lowers  by  the  end 
of  the  second  leg  of  the  flight  to  10.4  km  with  temperatures  of 
-48"C.  A second  stable  layer  (too  high  to  be  illustrated)  occurs 
near  90  mb  at  the  beginning  of  the  flight.  Toward  the  end  of  the 
second  leg  there  are  two  stable  layers,  one  at  15.0  km  and  the 
other  at  15.5  km. 

The  next  ten  legs  of  the  flight  occur  over  water  just 
off  the  Delmarva  peninsula.  Winds  are  from  the  southwest  between 
900  and  700  mb.  The  winds  then  back  with  increasing  height  and 
are  south-southwesterly  at  600  mb.  The  winds  remain  from  this 
direction  through  400  mb,  then  veer  with  height  and  become  westerly 
above  250  mb  (Figures  73,  75,  and  77).  A deep  layer  of  moisture 
(Figures  74,  76  and  78)  is  indicative  of  the  widespread  shower 
and  thunderstorm  activity  throughout  this  portion  of  the  flight 
over  water.  Cloud  bases  are  330  meters  or  below.  The  freezing  level 
is  at  2.7  km  with  little  change  during  this  part,  of  the  flight. 

The  tropopause  is  complex  with  three  stable  layers.  The  first 
tropopause  is  at  10.4  km  with  temperatures  of  -47°C  at  the  beginning 
of  leg  3 and  gradually  lowers  to  10.2  km  and  temperatures  of  -43°C 
by  the  end  of  leg  12.  Two  more  stable  layers  (too  high  for  illustration) 
occur  above  100  mb. 

As  the  flight  leaves  the  coastal  area  on  the  last  leg  of 
the  flight,  the  wind  cross-section  (rigure  77)  shows  the  winds  at 
the  lower  level  shifting  from  south-southwesterly  to  southwesterly 


58 


FIGURE  38.  SURFACE  PRESSURE  - 24  FEB  77  06Z  ANALYSI 
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FIGURE  41.  SURFACE  PRESSURE  - 25  FEB  77  OOZ  ANALYSIS 


FIGURE  42.  NEPHANALYSIS  - 24  FEB  77  06Z  ANALYSIS 


FIGURE  43.  NEPHANALYSIS  - 24  FEB  77  12Z  ANALYSIS 
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FIGUPE  70.  LOCAL  SURFACE  PRESSURE  - 25  FEB  77  OOZ  ANALYST 
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FIGURE  71.  WIND  CROSS-SECTION,  LEGS  1 AND  2 - 24  FEB  77  ANALYSIS 
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FIGURE  77.  WIND  CROSS-SECTION,  LEGS  12  AND  13  - 24  FEB  77  ANALYSIS 
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